Norwalk-like viruses (NLVs) are single-stranded, positivesense RNA viruses in the family Caliciviridae (6). NLV is a major cause of both sporadic cases and outbreaks of acute nonbacterial gastroenteritis in all age groups (14) . In children, group A rotavirus has been recognized as the most important cause of viral gastroenteritis, but recent work has demonstrated that NLVs are also important causative agents. Seroprevalence studies of NLV infections in pediatric cases of gastroenteritis suggested high exposure to NLVs among children (5, 20) . Since the development of the reverse transcription (RT)-PCR (2, 12) method for detection of NLVs, NLV infections among children have been reported, and NLVs have been identified as a causative agent of gastroenteritis (3, 9, 18, 21) . In this study, we addressed the causative role of NLV infections in cases of pediatric gastroenteritis and the molecular epidemiology of NLVs in Osaka City, Japan.
A total of 669 fecal specimens were collected from an equal number of patients with acute nonbacterial gastroenteritis attending sentinel pediatric clinics in Osaka City, Japan, between April 1996 and March 2000. The study included only fecal specimens from sporadic cases, excluding outbreaks, as assessed by the pediatrician's interview with the patient. All patients were Ͻ12 years of age, and 512 of the 669 (76.5%) were Ͻ3 years of age. Initially, all fecal specimens were examined for group A rotavirus and adenovirus serotypes 40 and 41 using antigen and enzyme-linked immunosorbent assay kits (ROTACLONE and ADENOCLONE-E; Meridian Bioscience, Inc., Cincinnati, Ohio) and were used for adenovirus and enterovirus tissue culture isolation with Vero and RD-18S cells. Detection of NLVs was performed using RT-PCR with G1 and G2 primer sets (2) amplifying a 123-bp RNA polymerase region as previously described (10, 11) . The virus-negative samples were tested using an electron microscopy method with negative staining (8, 16) . All NLV strains detected by RT-PCR were classified into six probe types (P1-A, P1-B, P2-A, P2-B [2] , SOV, and 96065 [10] ) by Southern hybridization and sequencing as previously described (10) . The alignment of the nucleotide and amino acid sequences was analyzed using Clustal X (version 1.63b) with initial fixed parameter values and the matrix Clustal W (1.6) in the DNA weight matrix option (23) . Further molecular analysis of NLV strains was carried out by amplifying a 322-bp sequence of the capsid region using two additional primers, mon381 and mon383 (19) .
The viruses detected in the pediatric gastroenteritis cases were group A rotavirus (189 strains), NLVs (105 strains), adenovirus (17 strains), enteroviruses (6 strains), and astrovirus (1 strain). Four specimens contained mixed viral infections: rotavirus and enteric adenovirus, rotavirus and NLV, adenovirus type 2 and NLV, and coxsackie B virus type 5 and NLV. Group A rotaviruses were the most common among the pediatric cases (28.6%), followed by NLVs (15.7%). Among the NLV-positive patients, 91.4% were Ͻ3 years old, 7.6% were 4 to 12 years old, and the ages of the others were unknown. The major symptoms in NLV-positive patients were nausea, vomiting, diarrhea, and abdominal pain. There were no differences in symptoms among the NLV strains. Seven of the 105 NLVassociated gastroenteritis cases involved benign afebrile convulsions associated with diarrhea; all seven were in patients Ͻ2 years old. The relationship between NLV infections and benign afebrile convulsions is unclear. Benign afebrile convulsions are not observed in adults infected with NLV (10, 11). There have been some studies of rotavirus gastroenteritis causing afebrile convulsions (4, 17; Y. Minamiura, H. Hattori, S. Kadotani, M. Nishimoto, T. Nakajima, A. Nishimura, M. Murakami, T. Kato, and K. Murakami, abstract from the Proceedings of the 30th Congress of the Japan Epilepsy Society, Tokyo, Japan, 4 to 5 October 1996, Epilepsia 38(Suppl. 6):78, 1997). Abe et al. (1) , and Seto et al. (22) suggested that afebrile convulsions with mild diarrhea may have similar pathogeneses for both rotavirus and NLVs.
The monthly distribution of NLVs in pediatric gastroenteritis cases is shown in Fig. 1 . NLVs were detected in pediatric gastroenteritis cases throughout the year, but 82.9% of the NLV cases occurred from November to January (i.e., late autumn to winter) in those 4 years. In this period, NLVs were an important causative agent in cases of viral gastroenteritis among children.
Each of the 105 NLV strains could be classified as a single probe type. These were 1 P1-A strain (0.9%), 8 P1-B strains (7.5%), 4 P2-A strains (3.8%), 90 P2-B strains (84.9%), and 2 96065 strains (1.9%). The P2-B strains were predominant in pediatric gastroenteritis cases in each season. Phylogenetic analysis showed that 86 of the 90 P2-B strains formed two major clusters, one of 61 strains and another of 25 strains (Fig.  2) . The first of these clusters, called the OC96-00 cluster, consisted of strains with 96.3 to 100% amino acid sequence identity and 92.6 to 100% nucleotide sequence identity to each other. These strains showed similarity to the Lordsdale virus (LV), with 96.3 to 100% amino acid sequence identity in the region sequenced. Strains of the OC96-00 cluster were detected during all 4 years (Fig. 1) . Strains of the second cluster, called the Arg320-like cluster, had 100% amino acid sequence identity and 97.5 to 100% nucleotide sequence identity to each other. These strains showed 96.3% amino acid sequence identity to the Arg320 strain in the region sequenced (13) . Arg320-like strains were detected only during the 1999-2000 season (Fig. 1) . The Arg320-like strains had 96.3% amino acid sequence identity and 80.2 to 87.7% nucleotide sequence identity to the strains of the OC96-00 cluster.
To further compare these clusters, 19 strains with different nucleotide sequences in the polymerase region were chosen for further sequence analysis. A 277-bp portion (excluding the primer regions) of the capsid region was sequenced. The Arg320-like strains had a sequence related to that of the Mexico virus (MxV) (97.8% amino acid sequence identity), with little intracluster variation. Among the 16 OC96-00 strains, there was also little variation (97.8 to 100% amino acid sequence identity), but the sequence was closely related to that of LV (95.7 to 96.7% amino acid identity) and not to that of MxV (75.0 to 76.1% amino acid identity). Pairwise comparison of the OC96-00 strains and the Arg320-like strains showed amino acid sequence identities of 77.2 to 78.3% in the capsid region.
The Arg320-like strains, which had suddenly appeared and spread during the 1999-2000 season, may have belonged to genogroup 2, like LV and MxV. Jiang et al. reported that the Arg320 strain might be a recombinant between strains in the MxV and LV genetic clusters of NLVs (13) . The Arg320-like strains also appear to be recombinants, as the capsid region is very similar to that of MxV while the polymerase region is more similar to that of LV. Vinje and Koopmans reported that the NLV strains in the Rotterdam cluster were clearly distinct from MxV in the polymerase region and closely related to the capsid region of MxV (24). Hardy et al. (7), Jiang et al. (13) , and Katayama et al. (15) reported the naturally occurring recombinants of NLV strains. However, the mechanism of recombination among different NLV strains is unclear. The definitive classification of Arg320-like strains will hinge on the analysis of the other genomic regions.
The surveillance that we conducted for NLV infections included both sporadic and outbreak cases. This study shows that the NLV P2-B probe type in genogroup 2 was consistently the one found in sporadic pediatric cases and that these NLV strains were closely related to the LV prototype. In contrast, the predominant probe type of NLV strains detected from outbreaks, which mainly occurred in adults, changed every season in this community (10, 11) , and its genetic type differed from that of the predominant strain causing sporadic pediatric cases (data not shown). As the NLV-associated outbreaks tended to occur more frequently from January to March (10, 11) , the pediatric NLV infections tended to precede the NLVassociated outbreaks. Further epidemiological investigations are required to clarify the differences between NLV infections in children and adults.
Nucleotide sequence accession numbers. The nucleotide sequences of the 19 P2-B NLV strains subjected to sequence analysis of the capsid region have been deposited in DDBJ/ EMBL/GenBank under the accession numbers AB089860 to on November 9, 2017 by guest
